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1
DOWNLINK FLOW MANAGEMENT

TECHNICAL FIELD

The proposed technology generally relates to flow man-
agement 1n telecommunication networks, and 1n particular to
methods and devices for downlink flow management in
Long Term Evolution (LTE) telecommunication networks.

BACKGROUND

In recent telecommunication networks, communication of
very different character takes place simultaneously. Small
packet flows, such as e.g. Voice over Internet Protocol
(VoIP) or small objects transierred over the Transmission
Control Protocol (TCP), such as chat or gaming, are mixed
with larger data quantities e.g. large File Transfer Protocol
(FTP) downloads. Such an inhomogeneous mix of traflic
occurs 1n particular in the downlink (DL) signaling, 1.e. from
an eNodeB to a User Equipment (UE). Typically, an eNode
B has access to different bearers and the trafhic 1s divided
between these bearers.

The current state of the art algorithms in Long-Term
Evolution (LTE) systems put the flows belonging to a
specific radio bearer into a queue. The queue 1s controlled by
different kinds of Active Queue Management (AQM) algo-
rithms. This approach operates well 1if the flows have
roughly the same properties, for instance, two large file
downloads can cooperate well. However, at occasions where
small and fast flows compete with large file downloads and
possibly also downloads of larger domain sharded websites,
the effect will often be that the small and fast flows sufler
from high latency and or packet loss. The small and fast
flows, which often are delay sensitive, will then sufler from
poor Quality-of-Experience (QoE).

This problem can be mitigated somewhat by making the
queue short, which translates to e.g. low delay thresholds 1n
the AQMs. The drawback of this approach 1s, however, that
it can degrade throughput and it typically also increases the
packet loss rates, which can be detrimental for small TCP
transiers as it takes a round trip to retransmit the missing
1CP segments.

Another way of mitigating this problem would be to put
the delay sensitive short and fast flows in separate bearers,
and possibly let them have a higher scheduling priority.
Ideas like this, however, seem to have difhiculties in their
realization. Possible reasons are that they require a classi-
fication engine and also additional signaling to set up bearers
for these short and fast flows, which often may have a very
short lifetime. The overall management processing thereby
may be extremely high.

SUMMARY

It 1s an object to provide improved flow management of
mixed-character downlink traflic. This and other objects are
met by embodiments of the proposed technology, as
expressed 1n the enclosed independent claims. Preferred
embodiments are defined 1n dependent claims.

According to a first aspect, there 1s provided a flow
management method in a communication node. The flow
management method comprises receiving of incoming
downlink packets. The recerved downlink packets are clas-
sified 1n sub-tlows. The classification 1s based on 1nforma-
tion that 1s available 1n a header of respective such recerved
downlink packet. The downlink packets of each sub-tlow are
queued 1n a respective sub-flow queue. Downlink packets
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2

are extracted from the sub-flow queues into a common
outgoing flow. A sub-flow queue from which no downlink

packets yet have been extracted 1s prioritized. The extraction
of downlink packets 1s made in a basic Round Robin
fashion. This comprises assigning ol an indicator of last
service occasion to each sub-flow queue when an extraction
of downlink packets from the respective sub-tlow queue has
been completed. When no prioritized sub-flow queues are
present, the sub-tlow queue with the earliest last service 1s
selected for a next extraction. When a prioritized sub-flow
queue 1s present, the prioritized sub-flow queue 1s selected
for a next extraction. The extraction of downlink packets
from the respective sub-flow queue 1s considered to have
been completed when a predetermined amount of data has
been extracted from said respective sub-tlow queue. The
downlink packets of said common outgoing flow are finally
sent.

According to a second aspect, there 1s provided a network
node 1n a communication network. The network node com-
prises an mput, a processor, a memory and an output. The
memory comprises instructions executable by the processor.
Thereby, the network node 1s operative to recetve incoming
downlink packets on the input. The network node 1s further
operative to classily the recerved downlink packets i sub-
flows. This classification 1s based on information that i1s
available 1n a header of respective such received downlink
packet. The network node 1s further operative to queue the
downlink packets of each sub-tlow 1n a respective sub-tlow
queue. The network node i1s further operative to extract
downlink packets from the sub-flow queues into a common
outgoing tlow. The network node is further operative to
prioritize a sub-flow queue from which no downlink packets
yet have been extracted. The network node 1s operative to
select downlink packets 1n a basic Round Robin fashion.
This comprises assigning of an indicator of last service
occasion to each sub-flow queue when an extraction of
downlink packets from the respective sub-flow queue has
been completed. When no prioritized sub-flow queues are
present, the sub-flow queue with the earliest last service 1s
selected for a next extraction. When a prioritized sub-flow
queue 1s present, the prioritized sub-flow queue 1s selected
for a next extraction. The network node 1s operative to
consider that an extraction of downlink packets from the
respective sub-flow queue 1s completed when a predeter-
mined amount of data has been extracted from the respective
sub-flow queue. The network node 1s further operative to
send the downlink packets of the common outgoing tlow on
the output.

An advantage of the proposed technology 1s that 1t enables
low latency for small and fast flows when they are subject
to competition from flows that are large or in other ways
aggressive 1n their nature. Other advantages will be appre-
ciated when reading the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments, together with further objects and
advantages therecol, may best be understood by making
reference to the following description taken together with
the accompanying drawings, in which:

FIG. 1 schematically 1llustrates a telecommunication sys-
tem;

FIG. 2 presents a simplified signalling scheme of signal-
ling between network nodes;

FIG. 3 illustrates a flow diagram of steps of an embodi-
ment of a flow management method mm a commumnication
node;
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FIG. 4 1illustrates a schematic block diagram of an
embodiment of a network node 1n a communication net-

work;

FIG. 5 illustrates an embodiment of a network node
implemented by a processor by means of soltware;

FIG. 6 1s a schematic block diagram illustrating an
example of a network node;

FIG. 7 illustrates a flow diagram of steps of an embodi-
ment of implementing a flow management method 1 a
PDCP layer 1n a communication node;

FIG. 8 1llustrates an embodiment of an implementation of
operations of a network node 1 a PDCP layer; and

FIGS. 9 and 10 are diagrams of test simulations.

DETAILED DESCRIPTION

Throughout the drawings, the same reference numbers are
used for similar or corresponding elements.

This disclosure describes how flow queuing can be imple-
mented LTE for the queue management of downlink trafhic.
The mvention solves the problem where The invention
describes how a flow queue algorithm 1s implemented 1n
LTE and also how a high peak throughput 1s ensured. For a
better understanding of the proposed technology, 1t may be
usetul to begin with a brief overview of a telecommunica-
tion system and 1n particular downlink packet handling 1n an
c¢NodeB

FIG. 1 illustrates schematically a telecommunication sys-
tem. A base station, e.g. an eNodeB 10 1s connected by a
connection 5 to a packet providing arrangement 2. This
packet providing arrangement 2 may typically be a core
network of the telecommunication system 1, network nodes
connecting to the Internet or the like. As the name suggests,
the packet providing arrangement 2 provides packets to be
forwarded 1n a DL direction in the telecommunication
system 1. The eNodeB 10 1s operative to communicate with
different UEs 20A, 20B. Packets are sent from the eNodeB
10 on DL links 19 to the UEs. The network node therefore
includes radio circuitry for communication with one or more
other nodes, including transmitting and/or receiving infor-
mation.

The DL packets can be of very diflerent character. In the
present disclosure, the term “mice flows™ 1s used for denot-
ing small packet flows, e.g. VoIP, or small objects transferred
over TCP, e.g. chat or gaming. Analogously, the term
“elephant flows” 1s used for denoting large packet flows, e.g.
large FTP downloads of long duration such as large file
downloads and possibly also downloads of larger domain
sharded websites. Domain sharding 1s a commonly used
technology to boost webpage downloads. The web browser
may open up simultaneous TCP connections towards several
different domains and 1s thus able to loop around good
netiquette. This technique 1s an aggressive way to grab
bandwidth and can actually degrade performance also for
the web page download.

As used herein, the term “wireless device” may refer to a
User Equipment, UE, a mobile phone, a cellular phone, a
Personal Digital Assistant, PDA, equipped with radio com-
munication capabilities, a smart phone, a laptop or Personal
Computer, PC, equipped with an internal or external mobile
broadband modem, a tablet PC with radio communication
capabilities, a portable electronic radio communication
device, a sensor device equipped with radio communication
capabilities or the like. In particular, the term “UE” should
be interpreted as a non-limiting term comprising any device
equipped with radio circuitry for wireless communication
according to any relevant communication standard.
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4

As used herein, the term “radio network node” or simply
“network node” may refer to base stations, network control
nodes, and the like. In particular, the term *“base station” may
encompass different types of radio base stations including
standardized base stations such as Node Bs, or evolved Node
Bs, eNBs, and also macro/micro/pico radio base stations,
home base stations, also known as femto base stations, relay
nodes, repeaters, radio access points, and even radio control
nodes controlling one or more Remote Radio Units, RRUSs,
or the like.

FIG. 2 presents a simplified signalling scheme of signal-

ling between a first node 3, comprised 1n the packet provid-
ing arrangement 2 (FIG. 1), an eNodeB 10 and a UE 20. The
first node 3 sends 410 DL packets to the eNodeB 10 to be

turther transmitted on a bearer. The DL packets are received
in the eNodeB 10 and are classified 420 1n sub-tlows. The

classification 1s based on information that 1s available 1n a
header of respective such received DL packet. The downlink
packets of each sub-flow are queued 430 1n a respective
sub-flow queue. The creation of several sub-tlow queues
creates possibilities for packets of different character or
nature to be separated. Packets of elephant flows which are
potential blocking items in the case of a single queue may
now be separated from mice flows. This opens up {for
different routines of prioritizing certain types of packets.

In one embodiment, flows are classified by a 5-tuple or
3-tuple 1n an information element of the packet header. The
S-tuple comprises the source 1p address and port, the desti-
nation 1p address and port, and the used protocol. The
3-tuple comprises the source 1p address and port, and the
used protocol. Based on the classification, packets with
different 5-tuples or 3-tuples are put in diflerent queues.

In a particular embodiment, each sub-flow queue main-
tains 1ts own AQM algorithm. The purpose of the AQM 1s to
keep the size of the sub-flow queue within reasonable limits.
The AQM thresholds do, however, not need to be tuned for
low delay. This helps to ensure high link utilization. In other
words, a flow management method preferably comprises the
step of performing AQM 1n each sub-flow queue separately.

It 1s actually not strictly necessary to use AQM at all. In
an alternative embodiment, the sub-tlow queues lack sepa-
rate AQM algorithms. The sub-flows queues are 1solated,
which means that large elephant flows do not degrade
performance for small mice flows.

It 1s, however, preferred to use some kind of AQM as
individual queues may otherwise consume large amounts of
memory, also typical transports like TCP perform optimally
when AQMs are deployed in the networks.

In one particular embodiment, selected content from the
packet header 1s entered into a hash function, giving an
output number. This number indicates the sub-flow queue 1n
which the packet 1s to be placed. The hash function 1s used
to maintain an upper bound to the number of sub-tflows with
a queue each. If the number of sub-flows 1s small, the risk
of hash-collision, 1.e. that two or more diflerent flows are
classified to the same sub-flow, increases. The impact of
hash collision can be limited with a smart design of the hash
algorithm. Thereby, for mstance classifying of User Data-
gram Protocol (UDP) and TCP flows into the same sub-tlow
queue can be avoided. In the context of LTE eNodeB
implementation 1t can be beneficial to allow for a large
number of sub-flows. In a statistical sense, users maintain an
average number of sub-tlows. The queues for the sub-tlows
can be picked from a common pool of queues. It 1s only 1n
cases where the pool becomes nearly depleted that the max
number of sub-flows needs to be limited.
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Returning to FIG. 2, a prioritizing 440 1s performed. A
sub-flow queue from which no DL packets vet have been
extracted 1s prioritized. DL packets are extracted 450 from
the sub-flow queues mto a common outgoing flow. The
extraction ol DL packets 1s made 1n a basic Round Robin
tashion. This means that each sub-flow queue i1s served 1n
turn, so that the sub-tlow queue that has waited the longest
time since the last service 1s the next one 1n order to be
served. In other words, this Round Robin thereby comprises
assigning ol an indicator of last service occasion to each
sub-flow queue when an extraction of downlink packets
from the respective sub-flow queue has been completed. The
extraction of downlink packets from the respective sub-tlow
queue 1s considered to have been completed when a prede-
termined amount of data has been extracted from the respec-
tive sub-tlow queue. When no prioritized sub-flow queues
are present, the sub-tlow queue with the earliest last service
1s selected for a next extraction.

However, the prioritizing may interfere with this basic
Round Robin function. To that end, when a priontized
sub-tlow queue 1s present, the prioritized sub-tlow queue 1s
selected for a next extraction.

The prioritizing 1s performed for achieving a concept that
fit better 1nto the protocol stack of an LTE base station, 1.e.
an eNodeB), and in general to make 1t perform better with
diverse tratlic. The fact that new sub-tlows are given a higher
priority improves the performance for tlows that are sparse
in character. A new sub-tflow thereby breaks the Round
Robin order and becomes served immediately. Furthermore,
since the extraction of DL packets 1s considered to have been
completed only when a predetermined amount of data has
been extracted from the respective sub-flow queue, it
becomes possible to adapt how many bytes that are allowed
to break the Round Robin order. In other words, new
sub-tlows are given a quantum of bytes, meaning that the
given sub-tlow 1s given priority as long as 1t has not
consumed this quantum of bytes. This means that even 11 a
new sub-tlow has a number of packets, the priority may be
valid for all the packets 1f they are small enough.

In a particular embodiment, the indicator of last service
occasion can be implemented by a lastServedTime param-
cter. A lastServedTime for a particular sub-flow queue can be
set to the current wall clock time only when a sub-tlow has
sent a predetermined amount of data. I the sub-flow queue
becomes empty, before the predetermined amount of
extracted data 1s reached, the entire sub-flow queue will be
removed. This means that each sub-flow queue maintains a
lastServed Time value. As mentioned above, this value 1s
normally set to a reference time when a packet or packets
exceeding the predetermined amount of data 1s/are extracted
from the queue. This supports the default Round-Robin
mechanism described above. The lastServedTime value 1s
only updated when packets corresponding to a minimal
number of bytes, e.g. MTU/2, have been extracted from the
sub-flow. Maximum Transmission Unit (MTU) 1s the largest
packet size handled by the flow queue algorithm. This
improves performance for mice flows 1n conditions where
the network 1s highly congested.

In a preferred embodiment, the predetermined amount of
data 1s set individually for the respective sub-flow queues. In
such a way, 1t might even be possible to obtain a further
fine-tuning of the favoring of diflerent sub-flow queues. If
one type of sub-tlow 1s requested to be favored despite that
the sub-tlow contains more packets than a “common™ pre-
determined amount of data, the predetermined amount of
data for this particular sub-tlow queue necessary to fulfill the
completing of an extraction operation can be increased. In
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the same way, sub-flow queues for mice flows, that are not
sensitive at all for e.g. delays, can be given a much lower
predetermined amount of data before the extraction 1s con-
sidered as being completed.

In an alternative embodiment, the indicator of last service
occasion can be implemented by a counter for the number of
served queues. When extraction ol DL packets from the
respective sub-tlow queue has been completed, the indicator
of last service occasion 1s set equal to the reading of the
counter. The counter 1s then incremented one step. The
indicator of last service occasion then has the information
about 1n which order the different sub-flow queues are
served, however, without time stamps.

The person skilled 1n the art realizes that the indicator of
last service occasion can be implemented 1n many other
ways as well, as long as the indicator of last service occasion
keeps track of the order 1n which the flow queues are served.

In a preferred embodiment, new sub-flow queues are
provided when new sub-tflows occur and empty sub-flow
queues are removed. This can 1n a particular embodiment be
performed in cooperation with a common pool of queues.
The provision of new sub-flow queues then comprises
picking of a queue from the common pool of queues.
Likewise, the removal of empty sub-flow queues then com-
prises returning of an empty sub-tlow queue to the common
pool of queues.

As some sub-flows can become empty and therefore are
removed between the packets for a sparse mouse flow, this
means that these small flows get a new quantum of priori-
tized bytes for each new tiny burst of data. This helps to
improve performance greatly for these small flows. For the
end users this can translate to lower latency for VoIP and
better interactivity for chatty services.

Packets are extracted from the sub-flow queues in a
round-robin fashion and sub-flows that become empty are
removed, in the case where queues are picked from a pool
ol queues, the empty queue is returned to the pool. The DL
packets of the common outgoing flow are finally sent 460
from the eNodeB 10 to the UE 20.

FIG. 3 illustrates a flow diagram of steps of an embodi-
ment of a flow management method 1n a communication
node. The process starts 1n step 200. In step 210, incoming
DL packets are received. In step 220, the received DL
packets are classified 1n sub-flows. This classification 1s
based on information that i1s available 1n a header of respec-
tive such received downlink packet. The DL packets of each
sub-flow are 1n step 230 queued in a respective sub-flow
queue. In step 240, a sub-tlow queue from which no down-
link packets yet have been extracted 1s prioritized. DL
packets are 1n step 250 extracted from the sub-tflow queues
into a common outgoing tlow. The step of extracting DL
packets 1s made 1 a basic Round Robin fashion. This 1s
performed by assigning an indicator of last service occasion
to each sub-flow queue when an extraction of downlink
packets from the respective sub-flow queue has been com-
pleted. When, no prioritized sub-tflow queues are present, the
sub-flow queue with the earliest last service 1s selected for
a next extraction. When a prioritized sub-flow queue 1is
present, the prioritized sub-tflow queue 1s selected for a next
extraction. The step of extraction of DL packets from the
respective sub-tlow queue 1s considered to have been com-
pleted when a predetermined amount of data has been
extracted from the respective sub-flow queue. In step 260,
the DL packets of the common outgoing flow are sent. The
process ends 1n step 299. This embodiment 1s particularly
well suited for providing better performance in LTE eNodeB
implementation.




US 9,973,438 B2

7

In one embodiment, the conditions for mice flows can be
turther improved by additionally prioritize sub-flow queues
comprising packets of small sizes or packets that are sparse
in their nature, even if they do not belong to new sub-tlow
queues. By sparse traflic should be understood trathic involv-
ing bursts of small amounts of data. Typical examples of
sparse traflic are VolP, chat and certain types of gaming
traflic involving player locations etc. The data volume of
such sparse tratlic 1s so low that idle periods occur between
the bursts. This embodiment modifies the round-robin sub-
flow handling such that mice flows are given a higher
priority.

FIG. 4 illustrates a schematic block diagram of an
embodiment of a network node 1 a communication net-
work. In this embodiment, the network node 1s an eNodeB
10. DL packets 5 are received via an mput by a receiver, 1n
this particular embodiment a DL interface 13, configured to
receive incoming DL packets. The received DL packets are
handed over to a flow manager 11. In the flow manager 11,
a classifier 15 1s configured to classity the received DL
packets 1 sub-flows. This classification 1s based on nfor-
mation being available 1n a header of respective received DL
packet. Based on this classification, the DL packets of each
sub-tlow are queued 1n a respective sub-tflow queue 16 by a
queue manager 19. A selector 17 1s configured to make
certain sub-flow queues 16 priontized. To this end the
selector 17 1s configured to prioritize a sub-tlow queue from
which no downlink packets yet have been extracted. The
selector 17 1s further configured to extract DL packets from
said sub-flow queues 16 into a common outgoing flow. DL
packets are then extracted 1n a basic Round Robin fashion,
which mvolves assigning an indicator of last service occa-
s10n to each sub-tlow queue when an extraction of downlink
packets from the respective sub-flow queue has been com-
pleted. It 1s considered that an extraction of downlink
packets from the respective sub-flow queue 1s completed
when a predetermined amount of data has been extracted
from the respective sub-tlow queue. When no prioritized
sub-tlow queues are present, the sub-tlow queue with the
carliest last service 1s selected for a next extraction. When a
prioritized sub-flow queue 1s present, the prioritized sub-
flow queue 1s selected. The common outgoing flow of
packets 1s provided to a transmitter entity, 1n this particular
embodiment a bearer manager 12, which 1s configured to
send the DL packets of the common outgoing flow over an
antenna 14 via an output.

In a preferred embodiment, the network 1s additionally
operative to provide new sub-flow queues when new sub-
flows occur and to remove empty sub-flow queues. This 1s
in a further preterred embodiment performed by means of a
pool 18 of queues. The network node 1s then additionally
operative to perform the providing of new sub-flow queues
by picking a queue from the common pool 18 of queues and
to perform said removing of empty sub-flow queues by
returning an empty sub-flow queue to the common pool 18
ol queues.

It will be appreciated that the methods and devices
described above can be combined and re-arranged 1n a
variety of ways. For example, embodiments may be imple-
mented 1 hardware, or 1n software for execution by suitable
processing circulitry, or a combination thereof.

The steps, Tunctions, procedures, modules and/or blocks
described above may be implemented in hardware using any
conventional technology, such as discrete circuit or 1inte-
grated circuit technology, including both general-purpose
clectronic circuitry and application-specific circuitry. Par-
ticular examples include one or more suitably configured
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digital signal processors and other known electronic circuits,
¢.g. discrete logic gates interconnected to perform a special-
1zed function, or Application Specific Integrated Circuits
(ASICs).

Alternatively, at least some of the steps, functions, pro-
cedures, modules and/or blocks described above may be
implemented in soitware such as a computer program for
execution by suitable processing circuitry including one or
more processing units. The flow diagram or diagrams pre-
sented above may therefore be regarded as a computer tlow
diagram or diagrams, when performed by one or more
processors. A corresponding apparatus may be defined as a
group of function modules, where each step performed by
the processor corresponds to a function module. In this case,
the function modules are implemented as a computer pro-
gram running on the processor.

Examples of processing circuitry includes, but 1s not
limited to, one or more microprocessors, one or more Digital
Signal Processors, DSPs, one or more Central Processing
Units, CPUs, video acceleration hardware, and/or any suit-
able programmable logic circuitry such as one or more Field
Programmable Gate Arrays, FPGAs, or one or more Pro-
grammable Logic Controllers, PLCs.

It should also be understood that 1t may be possible to
re-use the general processing capabilities of any conven-
tional device or unit 1n which the proposed technology 1s
implemented. It may also be possible to re-use existing
soltware, e.g. by reprogramming of the existing software or
by adding new soltware components.

In one particular embodiment, the flow management
functionalities 1n a network node are implemented by a
processor by means of software. Such an 1mplementation
example 1s 1llustrated 1n FIG. 5§ as a block diagram. This
embodiment 1s based on a processor 301, a memory 304, a
system bus 300, an input/output (I/0) controller 303 and an
I/O bus 302. In this embodiment DL packets are received by
the 1/0 controller 303 and are stored 1n the memory 304. The
I/O controller 303 also controls the 1ssue of DL packets of
the common outgoing tlow. The processor 301, which may
be implemented as one or a set of cooperating processors,
executes software components stored 1n the memory 304 for
performing the flow management. The processor 301 com-
municates with the memory 304 over the system bus 300. In
particular, software component 305 may implement the
functionality of receiving DL packets. Software component
306 may mmplement the functionality of classitying DL
packets 1n sub-flows, e.g. as of the classifier 15 (FIG. 4).
Software component 307 may implement the functionality
of queuing sub-tlows 1n sub-flow queues 1n said memory
304. Software component 308 may implement the function-
ality of prioritizing sub-flow queues of the selector 17 (FIG.
4). Software component 309 may implement the function-
ality of extracting DL packets from sub-tlow queues, e.g. as
of the selector 17 (FIG. 4). Software component 310 may
implement the functionality of sending DL packets.

In other words, a network node 1n a communication
network comprises an mput, a processor 301, a memory 304
and an output. The memory 304 comprises instructions
305-310 executable by the processor 301. Thereby, the
network node 1s operative to receive mcoming downlink
packets on the mput. The network node 1s further operative
to classity the received downlink packets i sub-tlows. This
classification 1s based on information that i1s available 1n a
header of respective such received downlink packet. The
network node 1s further operative to queue the downlink
packets of each sub-tlow 1n a respective sub-tlow queue. The
network node 1s further operative to extract downlink pack-
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ets from the sub-flow queues 1into a common outgoing flow.
The network node 1s further operative to prioritize a sub-
flow queue from which no downlink packets yet have been
extracted. The network node 1s operative to select downlink
packets 1n a basic Round Robin fashion. This comprises
assigning ol an indicator of last service occasion to each
sub-flow queue when an extraction of downlink packets
from the respective sub-flow queue has been completed.
When no prioritized sub-flow queues are present, the sub-
flow queue with the earliest last service 1s selected for a next
extraction. When a prioritized sub-tlow queue is present, the
prioritized sub-flow queue 1s selected for a next extraction.
The network node 1s operative to consider that an extraction
of downlink packets from the respective sub-flow queue 1s
completed when a predetermined amount of data has been
extracted from the respective sub-flow queue. The network
node 1s further operative to send the downlink packets of the
common outgoing flow on the output.

As dicated above, the network node may alternatively
be defined as a group of function modules, where the
function modules are implemented as a computer program
running on a processor. FIG. 6 1s a schematic block diagram
illustrating an example of a network node 10 comprising a
group of function modules. Receiving module 510 consti-
tutes means for receiving incoming DL packets. Classifying,
module 520 constitutes means for classifying the received
DL packets in sub-tlows, based on information being avail-
able 1 a header of respective said received DL packet.
(Queuing module 530 constitutes means for queuing the DL
packets of each sub-flow 1n a respective sub-tlow queue.
Prioritizing module 540 constitutes means for prioritizing a
sub-flow queue from which no downlink packets yet have
been extracted. Extracting module 550 constitutes means for
extracting downlink packets from the sub-tlow queues into
a common outgoing flow. The extraction of downlink pack-
ets 1s made 1 a basic Round Robin fashion, assigning an
indicator of last service occasion to each sub-tlow queue
when an extraction of downlink packets from the respective
sub-tlow queue has been completed, and selecting, when no
prioritized sub-tflow queues are present, the sub-flow queue
with the earliest last service for a next extraction, and when
a prioritized sub-flow queue 1s present, the prioritized sub-
flow queue. The extraction of downlink packets from the
respective sub-flow queue 1s considered to have been com-
pleted when a predetermined amount of data has been
extracted from the respective sub-flow queue. Sending mod-
ule 560 constitutes means for sending the downlink packets
of the common outgoing tlow.

The software or computer program may be realized as a
computer program product, which i1s normally carried or
stored on a computer-readable medium. The computer-
readable medium may include one or more removable or
non-removable memory devices including, but not limited to
a Read-Only Memory, ROM, a Random Access Memory,
RAM, a Compact Disc, CD, a Digital Versatile Disc, DVD,
a Universal Serial Bus, USB, memory, a Hard Disk Drive,
HDD storage device, a flash memory, or any other conven-
tional memory device. The computer program may thus be
loaded 1nto the operating memory of a computer or equiva-
lent processing device for execution by the processing
circuitry thereof.

In other words, 1n a particular embodiment, a computer
program comprises program code which when executed by
a processing circuitry causes the processing circuitry to
receive mcoming downlink packets, to classify the recerved
downlink packets 1n sub-flows, based on information that 1s
available 1n a header of respective ones of the received
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downlink packets, to queue the downlink packets of each
sub-tflow 1n a respective sub-flow queue, to extract downlink
packets from said sub-tlow queues into a common outgoing
flow, to prioritize a sub-flow queue from which no downlink
packets yet have been extracted and to send the downlink
packets of the common outgoing flow. The extracting of
downlink packets 1s made 1n a basic Round Robin fashion,
assigning an indicator of last service occasion to each
sub-flow queue when an extraction of downlink packets
from the respective sub-flow queue has been completed, and
selecting, when no prioritized sub-flow queues are present,
the sub-tlow queue with the earliest last service for a next
extraction, and when a prioritized sub-flow queue 1s present,
the prioritized sub-flow queue. The extracting of downlink
packets from the respective sub-flow queue 1s considered to
have been completed when a predetermined amount of data
has been extracted from the respective sub-flow queue.

The computer or processing circuitry does not have to be
dedicated to only execute the above-described steps, func-
tions, procedure and/or blocks, but may also execute other
tasks.

In a preferred embodiment, the flow queue algorithm 1n
the LTE eNodeB 1s implemented mainly on the Packet-Data
Convergence Protocol (PDCP) layer. The reason 1s the
ciphering that 1s applied on the PDCP layer. An implemen-
tation of the flow queue algorithm on the Radio Link Control
(RLC) layer may require that the PDCP sequence numbers
are renumbered as PDCP Protocol Data Units (PDUs) may
be extracted out of order by the flow queue algorithm, and
this gives problems with the ciphering and potentially a
complexity increase.

When mmplementing the flow queue algorithm on the
PDCP layer additional challenges arise. For reasons of
clliciency 1t 1s preferable to always have a few PDCP-PDUs
preprocessed and available 1n the RLC bufler, as RLC-
Service Data Umts (SDUs), ready to be forwarded to the
Medium Access Control (MAC) layer. Failure to do so will
lead to poor link utilization. Too many RLC-SDUs 1n the
RLC bufler may give problems with high latency 1if the
temporal throughput 1s not high enough. Too few RLC-
SDUs can give poor link utilization 1n cases when through-
put 1s high, meaning that the full potential of LTE cannot be
exploited.

One embodiment solves this problem by computing the
temporal throughput and by estimating the number of
PDCP-PDUs that should be preprocessed and forwarded
down to the RLC layer, and put in the RLC bufler. A
preferred 1mplementation computes a target RLC SDU
bufler level 1 number or bytes. New PDCP-PDUs are
generated when 1t 1s detected that the builer level 1s below
the target. The butler target level 1s preferably computed as:

target=throughputDL*interval/8

where

“throughputDL” 1s the estimated temporal throughput in the
downlink and “interval” indicates how many seconds of data
should be available 1n the RLC SDU bufler. In theory 1t 1s
suilicient that enough data for a 1 ms TN 1s preprocessed and
ready 1 the RLC SDU bufler. The interval can then be set
equal to the TTI (1 ms). However, as a safety measure 1t 1s
preferred to be set a bit higher, e.g. 10 ms, to compensate for
the fact that the estimation of the downlink throughput in
itsell has a certain integration time.

In other words, the flow management method 1s prefer-
ably implemented in a PDCP layer. The preferred method
comprises computing of a temporal downlink throughput
and estimating, based on the temporal downlink throughput,
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a number of PDCP-PDUs necessary for keeping a RLC SDU
bufler at a bufler target value. The bufler target value 1s
selected to assure a full utilization of available resource
blocks. The method further comprises preprocessing of the
estimated number of PDCP-PDUs and putting the prepro-

cessed PDCP-PDUs 1n said RLC SDU bufter. This results in

that the RLC SDU butler 1s always sufliciently full, to be
able to utilize the available resource blocks fully.

For stable operation the target value should be limited by
a lower and upper bound. A lower bound of at least an MTU
(typically 1500 byte) 1s typically preferred to ensure that
TCP segments can be transmitted. An upper bound can be
usetul to ensure that latency does not reach very high values
for instance in cases when the throughput estimation fails.
Experiments have shown that a lower bound of 1.5*MTU
and an upper bound of 15000 bytes work well.

FI1G. 7 1llustrates a tflow diagram of steps of an embodi-
ment of a method for implementing operations of a network
node 1n a PDCP layer. The process starts 1n step 201. In step
271, a temporal downlink throughput 1s computed. In step
272, a number of PDCP-PDUSs necessary for keeping a RLC
SDU butler at a buller target value 1s estimated based on the
temporal downlink throughput. The used bufler target value
assures a full utilization of available resource blocks. The
estimated number of PDCP-PDUs are preprocessed 1n step
273. In step 274, the preprocessed PDCP-PDUs are put 1n
the RLC SDU buller. The process ends 1n step 298.

FIG. 8 1llustrates an embodiment of an implementation of
operations of a network node 1n a PDCP layer 1n a schematic
manner. The network node 1s operative to compute a tem-
poral downlink throughput, to estimate, based on the tem-
poral downlink throughput, a number of PDCP-PDUs nec-
essary for keeping a RLC SDU bufler at a bufler target
value. The bufler target value 1s adapted for assuring a full
utilization of available resource blocks. The network node 1s

turther operative to preprocess the estimated number of
PDCP-PDUs and to put the preprocessed PDCP-PDUSs 1n the

RLC SDU bufler.

An mcoming flow of DL packets arrives at the PDCP
layer 30 of a network node. In a flow queue module 31, a
flow classifier 15 classifies the packets and directs them into
different sub-flow queues 16, as basically described above.
A selector 1s the used to extract the packets in an order which
mitigates elephant tlows to jam the flow queue for mice
flows. The outgoing common flow 1s typically provided to a
header compression module 33 and then to a ciphering
module 34. These modules are operating according to rou-
tines, known, as such, in prior art.

The common outgoing flow 1s provided to a SDU bufler
41 1n the RLC layer 40 1n order to be buflered ready for
being outputted. When a new TTI starts, an approprate
number of SDUs are taken from the SDU bufler 41 and 1s
provided to a segmentation Automatic Repeat-reQest (ARQ)
module 42 for further output on the DL. A throughput
estimator 43 of the RLC layer 40 1s configured for comput-
ng a temporal downlink throughput. The temporal downlink
throughput 1s reported to a pre-processor 32 in the flow
queue module 31 1n the PDCP layer. The SDU bufler 41 1s
also configured to report the present status of the SDU buller
41 to the pre-processor 32. The pre-processor utilizes this
information, 1in particular the temporal downlink throughput,
to estimate a number of PDCP-PDUs necessary for keeping,
a RLC SDU buftler at a buller target value. The pre-processor

32 is further configured for preprocessing the estimated
number of PDCP-PDUSs and to put the preprocessed PDCP-

PDUs 1n the RILC SDU buftier 41.
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Test simulations have been performed. FIG. 9 illustrates
an example where 3 different services transmit data 1n the
downlink. The three services are F1P download, where a
very large file 1s downloaded, WEB page download, where
the webpage download aggressively opens up many simul-
taneous TCP connections and 20 kbps VoIP with a frame
period of 20 ms, 1.e. 50 frames/s. The graphs clearly show
that even though the WEB page download 1s very aggressive
to grab the bandwidth, the VoIP tlow 1s almost undisturbed.

The present example shows that small (mice) tlows, 1n
this case VoIP can operate very well with low latencies even
in the presence of very aggressive flows. The graph also
shows that the FTP download 1s starved out by the web page
download. The reason to this 1s that each TCP connection 1n
the web page download gets 1ts own queue. For a domain
sharded web page with e.g. 40 simultaneous TCP connec-
tions this means that the web page download gets up to 40
times higher priornity that the FTP download. In some cases
this can be a desired property but in cases where streaming
video competes with web downloads this can have a nega-
tive elflect. One possible cure to this 1s to use only the
3-tuple, 1.e. source IP/port, proto. This would give domain
sharded web pages a lower priority.

Another benefit with flow queuing besides the low latency
1s that mice tflows experience very low packet loss rates. This
1s exemplified in FIG. 10. With AQMs that need to handle
several different tlows, 1t often becomes necessary to choose
between eirther low latency or low packet loss rate for the
mice flows that share the same bottleneck as large elephant
flows. It 1s rarely the case that both goals are possible. Flow
queuing according to 1deas of the present disclosure on the
other hand can reach both goals, as can be seen 1n the figure.
IP packet delay and packet loss for VoIP are illustrated for
the scenario described above. The packet losses are indi-
cated by “*”. The upper diagram 1illustrates a situation with
prior art AQM. The lower diagram illustrates the situation
when tlow queuing according to the teachings in the present
disclosure 1s applied.

The embodiments of the present disclosure can give
properties that are at least close to what 1s achievable with
multiple bearer solutions. The embodiments can therefore
provide a smart mobile broadband performance booster in
cases where Quality-of-Service (QoS) alternatives are not of
interest. Such cases may be where best effort bearers are
only either oflered or the only alternative that the customer
wants.

The embodiments described above are merely given as
examples, and 1t should be understood that the proposed
technology 1s not limited thereto. It will be understood by
those skilled 1n the art that various modifications, combina-
tions and changes may be made to the embodiments without
departing from the present scope as defined by the appended
claims. In particular, different part solutions in the different
embodiments can be combined in other configurations,
where technically possible.

The mnvention claimed 1s:
1. A flow management method 1n a communication node,
comprising the steps of:

recerving incoming downlink packets;

classitying said recerved downlink packets in sub-flows,
based on information being available 1n a header of
respective said received downlink packet;

queuing said downlink packets of each sub-flow 1n a
respective sub-tlow queue;

extracting downlink packets from said sub-flow queues
into a common outgoing tlow;
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prioritizing a sub-flow queue from which no downlink
packets yet have been extracted;

said step of extracting downlink packets 1s made 1n a basic
Round Robin fashion, assigning an indicator of last
service occasion to each sub-flow queue when an
extraction ol downlink packets from the respective
sub-flow queue has been completed, and selecting,
when no prioritized sub-tlow queues are present, the
sub-flow queue with the earliest last service occasion
for a next extraction, and when a prioritized sub-tlow
queue 1s present, said prioritized sub-flow queue; said
step of extracting downlink packets from the respective
sub-flow queue 1s considered to have been completed
when a predetermined amount of data has been
extracted from said respective sub-flow queue; and

sending said downlink packets of said common outgoing
flow,

wherein said flow management method 1s implemented 1n
a PDCP layer, further comprising the steps of:
computing a temporal downlink throughput;

estimating, based on said temporal downlink through-
put, a number of PDCP-PDUs necessary for keeping
a RLC SDU bufler at a bufler target value, said butler
target value assuring a full utilization of available
resource blocks:

preprocessing said estimated number of PDCP-PDUs;

and
putting said preprocessed PDCP-PDUs 1n said RLC
SDU bulifer.

2. The flow management method according to claim 1,
wherein said step of classiiying 1s performed on a content of
one of a 5-tuple and a 3-tuple 1 an nformation element of
said header.

3. The flow management method according to claim 1,
wherein said predetermined amount of data 1s set individu-
ally for the respective sub-tflow queues.

4. The tflow management method according to claim 1,
turther comprising additionally prioritizing sub-flow queues
comprising packets of small sizes or packets that are sparse
in their nature.

5. The flow management method according to claim 1,
turther comprising the steps of providing new sub-tlow
queues when new sub-flows occur and removing empty
sub-flow queues, said step of providing new sub-flow
queues comprises picking a queue from a common pool of
queues and said step of removing empty sub-flow queues
comprises returning an empty sub-tlow queue to said com-
mon pool of queues.

6. The flow management method according to claim 1,
wherein said flow management method 1s implemented 1n an
LTE network node.

7. The tflow management method according to claim 6,
wherein said LTE network node 1s an eNodeB.

8. A network node configured for operation in a commu-
nication network, said network node comprising an nput, a
processor, a memory and an output, said memory storing
instructions executable by said processor whereby said
network node 1s operative to:

receive mcoming downlink packets on said input;

classily said recerved downlink packets i sub-flows,

based on information being available 1 a header of
respective said received downlink packet;

queue said downlink packets of each sub-tlow 1n a respec-

tive sub-flow queue;

extract downlink packets from said sub-tflow queues 1nto

a common outgoing flow;
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prioritize a sub-flow queue from which no downlink
packets yet have been extracted;

said network node 1s operative to extract downlink pack-
ets mm a basic Round Robin fashion, assigning an
indicator of last service occasion to each sub-tlow
queue when an extraction of downlink packets from the
respective sub-flow queue has been completed, and
selecting, when no prioritized sub-tlow queues are
present, the sub-tlow queue with the earliest last service
occasion for a next extraction, and when a prioritized
sub-flow queue 1s present, said prioritized sub-flow
queue;

said network node 1s operative to consider that an extrac-
tion of downlink packets from the respective sub-flow
queue 1s completed when a predetermined amount of
data has been extracted from said respective sub-tlow
queue; and

send said downlink packets of said common outgoing
flow on said output,

wherein operations of said network node are implemented
in a PDCP layer operative to:
compute a temporal downlink throughput;

estimate, based on said temporal downlink throughput,
a number of PDCP-PDUs necessary for keeping a
RLC SDU bufler at a builer target value, said bufler
target value assuring a full utilization of available
resource blocks;

preprocess said estimated number of PDCP-PDUs; and
put said preprocessed PDCP-PDUs 1n said RLC SDU

builer.

9. The network node according to claim 8, wherein said
network node 1s operative to perform a classification on a
content of one of a 5-tuple and a 3-tuple 1n an 1nformation
clement of said header.

10. The network node according to claim 8, wherein said
predetermined amount of data 1s set individually for the
respective sub-flow queues.

11. The network node according to claim 8, wherein said
network node 1s additionally operative to prioritize sub-flow
queues comprising packets of small sizes or packets that are
sparse 1n their nature.

12. The network node according to claim 8, wherein said
network node 1s additionally operative to provide new
sub-flow queues when new sub-tflows occur and to remove
empty sub-flow queues by picking a queue from a common
pool of queues and to perform said removing of empty
sub-flow queues by returning an empty sub-flow queue to
said common pool of queues.

13. The network node according to claim 8, wherein the
network node comprises an LTE network node.

14. The network node according to claim 13, wherein the
LTE network node comprises an eNodeB.

15. A network node configured for operation 1n a com-
munication network and comprising;:

a rece1ving module for recerving incoming DL packets;

a classitying module for classitying said received DL
packets 1n sub-flows, based on information being avail-
able 1n a header of respective said received DL packet;

a queuing module for queuing the DL packets of each
sub-flow 1n a respective sub-tflow queue;

a prioritizing module for priontizing a sub-flow queue
from which no downlink packets yet have been
extracted:

an extracting module for extracting downlink packets
from said sub-flow queues ito a common outgoing
flow:
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said extracting downlink packets 1s made in a basic Round
Robin fashion, assigning an indicator of last service
occasion to each sub-tlow queue when an extraction of
downlink packets from the respective sub-flow queue
has been completed, and selecting, when no prioritized
sub-tlow queues are present, the sub-tlow queue with
the earliest last service occasion for a next extraction,
and when a prioritized sub-tlow queue 1s present, said
prioritized sub-flow queue;

said extracting downlink packets from the respective
sub-flow queue 1s considered to have been completed
when a predetermined amount of data has been
extracted from said respective sub-flow queue; and

a sending module for sending said downlink packets of
the common outgoing flow,

wherein operations of said network node are implemented
in a PDCP layer operative to:
compute a temporal downlink throughput;
estimate, based on said temporal downlink throughput,

a number of PDCP-PDUs necessary for keeping a
RLC SDU bulfler at a butler target value, said bufler

target value assuring a full utilization of available
resource blocks:

preprocess said estimated number of PDCP-PDUs; and
put said preprocessed PDCP-PDUs 1n said RLC SDU

bufier.

16. A non-transitory computer-readable medium storing a
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queue said downlink packets of each sub-flow 1n a respec-
tive sub-flow queue;

extract downlink packets from said sub-tlow queues 1nto
a common outgoing flow;

prioritize a sub-flow queue from which no downlink
packets yet have been extracted;

said extracting of downlink packets 1s made 1n a basic
Round Robin fashion, assigning an indicator of last
service occasion to each sub-flow queue when an
extraction ol downlink packets from the respective
sub-flow queue has been completed, and selecting,
when no prioritized sub-tflow queues are present, the
sub-flow queue with the earliest last service occasion
for a next extraction, and when a prioritized sub-tlow
queue 1s present, said prioritized sub-flow queue;

said extracting of downlink packets from the respective
sub-flow queue 1s considered to have been completed
when a predetermined amount of data has been
extracted from said respective sub-flow queue; and

send said downlink packets of said common outgoing
flow,

wherein operations of said network node are implemented
in a PDCP layer operative to:
compute a temporal downlink throughput;

estimate, based on said temporal downlink throughput,
a number of PDCP-PDUSs necessary for keeping a

computer program comprising program code that, when
executed by a processing circuitry of a communication node
configured for operation 1n a wireless communication net-
work, configures the communication node to: 30
receive mcoming downlink packets;
classity said received downlink packets in sub-flows,
based on information being available in a header of
respective said received downlink packet;

RLC SDU bufier at a buj

target value assuring a
resource blocks:

Ter

Ter target value, said bu:

ull utilization of available

preprocess said estimated number of PDCP-PDUs; and
put said preprocessed PDCP-PDUs 1n said RLC SDU

buftter.
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